Typing of reference strains and isolates identified as Lactobacillus casei, Lactobacillus paracasei or Lactobacillus rhamnosus was carried out using randomly amplified polymorphic DNA (RAPD) and pulsed-field gel electrophoresis (PFGE) analyses. Strains of L. paracasei were mainly grouped in the same cluster as those of L. casei. The RAPD fingerprints of strains ATCC 393 and ATCC 15820 differ from those of the L. rhamnosus and L. paracasei/casei strains further supporting classification of these strains as a separate group. The RAPD profiling could be used for classification and discrimination of isolates belonging to the L. casei group.
Introduction
Efficient typing tools are essential for the identification of particular strains for the preparation of welldefined starters and to reduce the number of strains screened for technological properties (Lortal et al. 1997) . Starter strains could thus be chosen more rationally on the basis of their different genomic profiles (Lortal et al. 1997) . Dykes & von Holy (1994) indicated that future research in strain typing of lactobacilli should include development of molecular techniques, more comparative studies between techniques and the description of typing systems for the more important lactobacilli. Several molecular typing methods including randomly amplified polymorphic DNA (RAPD) and pulsed-field gel electrophoresis (PFGE) analyses have been used to compare and identify lactobacilli (Dicks et al. 1996 , Johannson et al. 1995 , Klein et al. 1998 . However, few studies have concentrated on species of L. casei and L. rhamnosus (Tilsala-Timisjärvi & Alatossava 1998) . Nevertheless, strains of these species of lactobacilli have become important as adjunct cultures for the production of fermented milks (Salminen et al. 1996) and are used as probiotics.
Strains of L. casei-related complex were classified into these three species (L. casei, L. paracasei and L. rhamnosus) according to DNA-DNA relatedness by Collins et al. (1989) . The L. casei group might also comprise the recently-revived L. zeae species (Dicks et al. 1996 , Klein et al. 1998 . Recently, Mori et al. (1997) 
Randomly amplified polymorphic DNA (RAPD) analyses
PCR amplification was performed as previously described (Vincent et al. 1998) using the Amplitron II Thermal Cycler. Agarose gel electrophoresis was then carried out on 10-µl aliquots of each reaction mixture using standard procedures (Sambrook et al. 1989) . The three primers used were: OPA-18 (5 -AGGTGACCGT), OPL-07 (5 -AGGCGGGAAC) and OPL-16 (5 -AGGTTGCAGG) (Operon Technology Inc., CA, USA). The digitized gel images were analyzed with the Molecular Analyst Fingerprinting Plus Software (Bio-Rad Laboratories, Hercules, CA, USA). After background subtraction, the normalized patterns (based on both position and intensity of each band) obtained with each of the three primers were combined to obtain a single pattern for each strain using the Molecular Analyst Fingerprinting Plus Software and grouped with the unweighted pair group algorithm with arithmetic averages (UPGMA).
Pulsed-field gel electrophoresis
Preparation of cells and genomic DNA was performed as described by Roy et al. (1996) with some modifications. Triton X-100 was added to the EC buffer and the quantity of lysozyme used was 2 mg ml −1 . Genomic DNA was digested with SmaI at 25 • C or ApaI at 30 • C for 18 h. Samples were separated by using transverse alternating field electrophoresis (TAFE; Geneline II, Beckman Instruments, Inc., Mississauga, ON, Canada) under the following running conditions: (stage 1) 2-s pulse for 6 h at 350 mA; (stage 2) 5-s pulse for 6 h at 370 mA; (stage 3) 10-s pulse for 4 h at 390 mA; (stage 4) 15-s pulse for 4 h at 410 mA; (stage 5) 30-s pulse for 4 h at 430 mA; (stage 6) 60-s pulse for 3 h at 450 mA. Gels and digitized gel images were treated as described above.
Results and discussion Figure 1 shows the similarity between strains of the L. casei complex based on their genomic DNA fingerprinting using randomly amplified polymorphic DNA (RAPD) profiles derived from three single-primer reactions (OPL-07, OPL-16 and OPA-18). Genomic DNA fingerprinting using the RAPD method has become widely accepted as a valid taxonomic and phylogenetic tool for a large range of organisms such as lactobacilli (Daud Khaled et al. 1997 , Dicks et al. 1996 , Du Plessis & Dicks 1995 , Taillez et al. 1996 . Klein et al. (1998) also indicated that RAPD is a molecular typing method which is very suitable for identification of probiotic lactobacilli. However, they observed that if a strain has to be identified, a set of known strains has to be included in the same RAPD procedure. In addition, the selection of one or more optimal primers is essential for good results. Three clusters are well-defined, corresponding to the three separate species of the L. casei complex (L. zeae, L. rhamnosus and L. casei/paracasei) at a similarity level of 25% between them (Figure 1) . Dicks et al. (1996) also identified three genetic clusters on the basis of RAPD data, confirming results obtained from DNA-DNA hybridization experiments and from a numerical analysis of total soluble cell protein patterns (Dellaglio et al. 1991) . Their three clusters contained respectively the type strains of L. casei (ATCC 393), L. casei ATCC 334/L. paracasei and L. rhamnosus. Dicks et al. (1996) observed that L. casei strain ATCC 393 must belong to a separate genetic cluster, as its RAPD profile differs from
